
INTESTINAL ABSORPTION OF RADIOIODIDE I N  RATS EXPOSED 

TO HYPOXIA (380 mm Hg) AND FOOD DEPRIVATION 

RE SEARCH REPORT 

P e t e r  F. Pearson, M.S. 

Adam Anthony, Ph.D. 

Physiology Labor a t  o r  i e  s 

The Pennsylvania S t a t e  U n i v e r s i t y  

September 1967 

Supported by P u b l i c  Heal th  Se rv ice  Grant GM-05112 
from t h e  Nat iona l  I n s t i t u t e  of General  Medical 

Sciences,  Nat iona l  I n s t i t u t e s  of Heal th ,  and i n  
p a r t  by NASA Grant NGR-39-009-015 



ii 

FOREWORD 

The p resen t  i n v e s t i g a t i o n  was supported by Pub l i c  Heal th  Serv ice  

Research Grant No. GM-05112 from the  Nat ional  I n s t i t u t e  of General  

Medical Sciences,  Nat iona l  I n s t i t u t e s  of Heal th ,  Bethesda, Maryland. 

T h i s  r e p o r t  was prepared by P e t e r  F.  Pearson and w a s  submit ted t o  t h e  

Graduate School i n  p a r t i a l  f u l f i l l m e n t  of t h e  requirements  f o r  t h e  

degree of Master of  Science a t  The Pennsylvania  S t a t e  Un ive r s i ty .  The 

r e sea rch  w a s  conducted by M r .  Pearson as a subpro jec t  of a r e sea rch  

p r o j e c t  e n t i t l e d  "Biophysical and Endocrine Changes i n  Acclimated 

Rats" wi th  D r .  Adam Anthony, Professor  of Zoology,act ing as t h e  pro- 

j e c t  d i r e c t o r  and D r .  G. K. S t ro the r ,  Assoc ia te  P ro fes so r  of Biophysics ,  

as c o - i n v e s t i g a t o r .  Th i s  work was a l s o  aided i n  p a r t  by funds from 

NASA Grant NGR- 39-009 - 115. 

The author  wishes t o  thank D r .  Adam Anthony f o r  h i s  p a t i e n t  

encouragement, guidance and support  throughout t h e  r e sea rch  work. 

Thanks a r e  a l s o  due t o  Mrs. Athleen S t e r e  f o r  he r  h e l p f u l  a s s i s t a n c e .  

The experiments r epor t ed  he re in  were conducted according t o  t h e  

p r i n c i p l e s  o u t l i n e d  i n  t h e  "Guide f o r  Laboratory Animal F a c i l i t i e s  

and Care" and adopted by t h e  I n s t i t u t e  of Laboratory Animal Resources,  

Nat iona l  Academy of  Sciences-National Research Council .  



iii 

TABLE OF CONTENTS 

ACKNOWLEDGMENTS. . , . . . . . 
LIST OF TABLES.. . . . . . . . . . . . . . . . . . . . . . . 
LISTOFFIGURES. 0 .  . c e 

INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . .. 
GENERAL CONSIDERATIONS. . . . . . . . . . . . . . . . . . .. 

Restatement of t h e  problem. . . . . . . . . . . . . . . 
MATERIALS AND METHODS. . . . . . , . . . . . . . . . . . . . 
RESULTS.. . . . . . . . . . . . . . . . . . . . . . . . . . 

A. E f f e c t s  of hypoxia and food d e p r i v a t i o n  on g a s t r o -  
i n t e s t i n a l  abso rp t ion  of o r a l l y  adminis tered NaI- 
131 . .  . . . . . . . . . . . . . . . . . . , . . .. 

B. E f f e c t s  of hypoxia and food d e p r i v a t i o n  on 
d i g e s t i o n  and absorpt ion.  . e . . . e . . . . . . . 

C. Plasma and t h y r o i d a l  r ad io iod ide  l e v e l s  i n  hypoxia- 
exposed and food-deprived rats. * . . . . . . , . , 

D. Radioiodide e x c r e t i o n  i n  hypoxia-exposed and food- 
deprived rats. . . . * . . . . . . . . . . . * . .. 

E. Body weight changes i n  hypoxia-exposed and food- 
deprived rats. . . . e . . . . . . . . e . . . .. 

S U M M A R Y . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BIBLIOGRAPHY. . . . . . . . . . . . . . . . . . . . . . . . . 
APPENDIX. . , . . . . . . . . - .  . . . . . . . . . . . . .. 

Page 

ii 

i v  

V 

1 

3 

6 

7 

10 

10 

13 

14 

18 

21  

23 

29 

3 1  

34 



i v  

LIST OF TABLES 

Table 
3c3- 

Page 

1. G a s t r o i n t e s t i n a l  absorpt ion of o r a l l y  adminis te red  
NaI-131 i n  hypoxia-exposed and food-deprived rats.  . , 35 

2 .  G a s t r o i n t e s t i n a l  d i g e s t i o n  and abso rp t ion  i n  hypoxia- 
exposed and food-deprived r a t s ,  . . . . . . . . . . . .  35 

3 .  Plasma rad io iod ide  l e v e l s  of hypoxia-exposed and food- 
deprived ra t s .  . . . . . . . . . . . . . . . . . . . .  36 

4 .  Thyroida l  r ad io iod ide  content  of  hypoxia-exposed and 
food-deprived ra ts .  . . . . . . . . . . . . . . . . . .  36 

5. Urinary r ad io iod ide  l e v e l s  of hypoxia-exposed and 
food-deprived rats.  . . . . . . . . . . . . . . . . . .  37 

6. Urinary e x c r e t i o n  volumes of hypoxia-exposed and food- 
deprived ra ts .  . . . . . . . . . . . . . . . . . . . .  37 

7. Fecal  r ad io iod ide  l e v e l s  of hypoxia-exposed and food- 
deprived rats. . . . . . . . . . . . . . . . . . . . .  38 

8. Body weight  loss of  hypoxia-exposed and food-deprived 
r a t s . .  . . . . . . . . . . . . . . . . . . . . . . . .  38 

9 .  Thyroid weight changes i n  hypoxia-exposed and food- 
deprived rats. . . . . . . . . . . . . . . . . . . . .  39 



LIST OF FIGURES 

F igu re  

V 

Page 

1, 

2. 

3. 

4 .  

5. 

6 .  

7. 

8 

E f f e c t s  of hypoxia and food d e p r i v a t i o n  on g a s t r i c  
con ten t  of 1-131 i n  Holtzman r a t s  given an  o r a l  
dose of 0.2 pc of NaI-131 a t  time zero.  . . . . . . . .  11 

E f f e c t  of hypoxia and food d e p r i v a t i o n  on i n t e s t i n a l  
abso rp t ion  of 1-131 i n  Holtzman r a t s  given an o r a l  
dose of 0.2 pc NaI-131 a t  t i m e  zero.  . . . . . . . . .  1 2  

E f f e c t s  of hypoxia and food d e p r i v a t i o n  on g a s t r o -  
i n t e s t i n a l  abso rp t ion  o f  food i n  Holtzman r a t s  g iven  
an o r a l  dose of 0.2 pc NaI-131 a t  t i m e  zero.  . . . . .  
Plasma r a d i o i o d i d e  l e v e l s  i n  hypoxic and food-deprived 
Holtzman rats given an o r a l  dose of 0.2 t.~c NaI-131 a t  

15 

t i m e z e r o . .  . . . . . . . . . . . . . . . . . . . . .  16 

E f f e c t s  of hypoxia and food d e p r i v a t i o n  on t h e  t h y r o i d a l  
con ten t  of r a d i o i o d i d e  i n  Holtzman r a t s  g iven  an o r a l  
dose of 0.2 pc NaI-131 a t  t i m e  zero.  . . . . . . . . .  17 

E f f e c t s  of hypoxia and food d e p r i v a t i o n  on u r i n a r y  
r a d i o i o d i d e  l e v e l s  i n  Holtzman rats g iven  an o r a l  dose 
of 0.2 pc NaI-131 a t  t i m e  zero. 

of 0.2 pc NaI-131 a t  t i m e  zero.  . . . . . . . . . . . .  20 

. . . . . . . . . . . .  19 

E f f e c t s  of hypoxia and food d e p r i v a t i o n  on f e c a l  r a d i o -  
i o d i d e  e x c r e t i o n  of Holtzman r a t s  g iven  an o r a l  dose 

E f f e c t  of hypoxia and food d e p r i v a t i o n  on body weight 
of Holtzman r a t s .  . . . . . . . . . . . . . . . . . . .  22 



. 
1 

INTRODUCTION 

For s e v e r a l  decades s i n c e  LeBlond (18) r epor t ed  t h a t  thyro id-  

ectomized rats are more r e s i s t a n t  t o  a l t i t u d e  hypoxia,  t h e r e  has  

been cont inued i n t e r e s t  i n  determining t h e  s p e c i f i c  r o l e  of  t h e  

thy ro id  dur ing  hypoxia accl imat ion.  There i s  almost u n i v e r s a l  

agreement t h a t  prolonged hypoxia exposure r e s u l t s  i n  decreased 

t h y r o i d a l  func t ion ;  on t h e  o the r  hand, t h e  t h y r o i d a l  response 

dur ing  "acute" hypoxia has not been f u l l y  c l a r i f i e d .  

Largely on t h e  b a s i s  of t hy ro ida l  1-131 uptake  and turnover  

measurements, bo th  a depress ion  ( 3 4 ,  35) and an i n c r e a s e  (9,  8) i n  

t h y r o i d  a c t i v i t y  have been reported dur ing  acu te  hypoxia exposure. 

Recent ly ,  Nelson (21)  and Surks (27)  suggested t h a t  hypoxia-induced 

a l t e r a t i o n s  i n  d i e t a r y  i n t a k e  of  iod ine  might account f o r  some of 

t h e  c o n f l i c t i n g  r e p o r t s  i n  t h e  l i t e r a t u r e .  Th i s  sugges t ion  mer i t s  

cons ide ra t ion  s i n c e  aphagia i s  known t o  r e g u l a r l y  accompany exposure 

t o  hypoxia. Thus, a hypothyroid r a t  would e x h i b i t  an inc reased  

t h y r o i d a l  up take  of i n j e c t e d  1-131 as a r e s u l t  of an i o d i n e  i n s u f f i -  

c i e n t  s t a t e  brought  about by reduced d i e t a r y  i n t a k e  of i od ine .  On 

t h e  o t h e r  hand, t h e  hypothyroid r a t  would e x h i b i t  a reduced 1-131 

uptake  i n  t h e  presence of normal c i r c u l a t i n g  l e v e l s  of i od ine .  

I n  any event ,  it i s  ev ident  t h a t  a s tudy  of t h e  e f f e c t s  of 

hypoxia on t h e  rate of g a s t r o i n t e s t i n a l  i o d i d e  abso rp t ion ,  i n  

r e l a t i o n  t o  c i r c u l a t i o n  l e v e l s ,  should add t o  our  o v e r a l l  under- 

s t and ing  of t h e  r o l e  of t h e  thyro id  du r ing  t h e  onse t  of acc l imat ion .  
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Thus, the aim of the present study is to establish the effects of 

hypoxia on gastrointestinal absorption of orally administered radio- 

iodide and to determine the extent to which this influences circulating 

and thyroidal iodide levels. 
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GENERAL CONSIDERATIONS 

Before desc r ib ing  t h e  methods used it i s  d e s i r a b l e  t o  review 

c e r t a i n  b a s i c  a spec t s  of t hy ro id  func t ion  and t h e  p r e s e n t  s t a t e  of  

knowledge regard ing  t h e  e f f e c t s  of hypoxia exposure on gas t ro -  

i n t e s t i n a l  func t ion .  

A.  Thyroid Regula t ion  and Physiology, 

P i t t - R i v e r s  and Tata (23) d iv ide  thy ro id  a c t i v i t y  i n t o  t h r e e  

s t a g e s :  (1) i o d i d e  uptake,  (2 )  syn thes i s  and s to rage  of  thyroxine ,  

and (3 )  r e l e a s e  of thyroxine.  Iodide uptake by t h e  thy ro id  i s  

cons idered  t o  be  r e l a t i v e l y  independent of p i t u i t a r y  t h y r o t r o p i n  

(TSH) r e g u l a t i o n ,  whereas t h e  syn thes i s  and s e c r e t i o n  of  t h y r o i d  

hormone i s  under TSH con t ro l .  

D ie t a ry  i o d i n e  i s  t h e  major source of t h y r o i d a l  i od ide .  No 

apprec iab le  i o d i d e  abso rp t ion  occurs i n  t h e  stomach (2 ) ,  so t h e  

main s i t e  of abso rp t ion  i s  the  small i n t e s t i n e  (26, 1, 22, 16) .  

Thus, any de lay  i n  t h e  passage of food i n  t h e  duodenum would 

e f f e c t i v e l y  reduce t h e  n e t  ra te  of abso rp t ion  of i o d i d e  i n t o  t h e  

c i r  cu 1 a t  ion .  

The thy ro id  can e x t r a c t  small amounts of i o d i d e  from blood by 

a very  e f f i c i e n t  a c t i v e  t r a n s p o r t  mechanism so  t h a t  t h e  normal 

t h y r o i d  iodide:serum iod ide  r a t i o  (T/S) i s  g e n e r a l l y  2 0 ~ 1 ,  

I o d i d e  t h a t  i s  incorpora ted  i n t o  t h e  g land  i s  immediately oxid ized  

t o  e lementa l  i o d i n e  by a peroxidase r e a c t i o n  (10, 36) .  
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Synthes is  of thyroxine  i s  by iod ina t ion  of  t y r o s i n e  p r e s e n t  as 

a t y r o s y l  r a d i c a l  of thyroglobul in .  Steps involved c o n s i s t  of f i r s t  

i o d i n a t i n g  t y r o s i n e  t o  form monoiodotyrosine (MIT) ,  adding another  

i od ine  t o  form 3 ,5 -d i iodo ty ros ine  (DIT) and then  coupl ing two DIT  

molecules through a phenol ic  br idge  wi th  a l o s s  of a l a n i n e  t o  form 

thyroxine  (T4). 

by coupl ing  MIT and DIT  molecules 

These s t e p s  occur  i n  t h e  e p i t h e l i a l  c e l l s  and t h e  r e s u l t i n g  hormone 

i s  s t o r e d  i n  t h e  form of thyroglobul in  i n  t h e  lumen of t h e  thy ro id  

f o l l i c l e .  

Another compound t r i i odo thyron ine  (T3) can be formed 

o r  by p a r t i a l  d e i o d i n a t i o n  of T4. 

P ro te inases  continual’ly degrade t h e  thy rog lobu l in  i n t o  i t s  

component p a r t s :  

r a p i d l y  dehalogenated w i t h  t h e  iod ide  reclaimed by t h e  gland.  

and T 

thyroxine  b inding  g l o b u l i n  (TBG) and thy ro id  binding prealbumin 

(TBPA) which are involved i n  t h e  t r a n s p o r t  and p e r i p h e r a l  metabolism 

of t h y r o i d  hormones. 

MIT, D I T ,  T3 and T q 0  Norm;zlly MIT and DIT  are 

T3 

are r e l e a s e d  i n t o  t h e  c i r c u l a t i o n  bound t o  two serum p r o t e i n s ,  4 

Excre t ion  of me tabo l i t e s  of thyro id  hormone degrada t ion  can 

occur  v i a  t h e  r e n a l  o r  g a s t r o i n t e s t i n a l  r o u t e s .  Chromatographic 

a n a l y s i s  r e v e a l s  t h a t  i od ide  is excreted i n  t h e  u r i n e  as ino rgan ic  

i o d i d e  (23, 28) and i n  t h e  f e c e s  as o r g a n i c a l l y  bound i o d i d e  ( 1 7 ) .  

TSH ( thy ro id  s t i m u l a t i n g  hormone) produced i n  t h e  a n t e r i o r  

p i t u i t a r y  forms t h e  necessary l i n k  i n  t h e  r e g u l a t i o n  of i o d i n e  

metabolism. 

TSH s e c r e t i o n  i s  r egu la t ed  i n  p a r t  by a d i r e c t  i n h i b i t o r y  feedback 

It s t i m u l a t e s  t h e  thyroid t o  produce and release T4. 
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of h igh  c i r c u l a t i n g  T4 l e v e l s  and by neura l  mechanisms ope ra t ing  through 

t h e  hypothalamus. S t imula t ion  o f  t he  l a t e ra l  area of  t h e  hypothalamus 

causes  t h e  r e l e a s e  of TRF ( thy ro t rop in  r e l e a s i n g  f a c t o r )  which i n  

t u r n  s t i m u l a t e s  TSH r e l e a s e  by t h e  a n t e r i o r  p i t u i t a r y  (19) .  

B. E f f e c t s  of Hypoxia Exposure on Thyroid and G a s t r o i n t e s t i n a l  Function, 

Low thy ro id  func t ion  has  long been suspec ted  t o  b e  b e n e f i c i a l  t o  

organisms exposed t o  reduced pressures ( 7 ) ,  presumably because hypo- 

thyro id ism lowers oxygen consumption of t h e  i n t a c t  animal and the re -  

f o r e  reduces i t s  oxygen requirements.  It i s  known t h a t  thyroidectomy 

i n c r e a s e s  s u r v i v a l  t i m e  of rats during hypoxia exposure (17 ,  13,  37).  

Other workers (35, 34, 21 ,  27)  have shown t h a t  a decreased thy ro id  

f u n c t i o n  occurs  fol lowing prolonged hypoxia exposure.  However, t h e  

p r e c i s e  t h y r o i d a l  changes t h a t  occur a t  t h e  onse t  of hypoxia exposure 

haven ' t  been completely expla ined  as evidenced by c o n f l i c t i n g  r e p o r t s  

r e l a t i n g  t o  t h e  e f f e c t s  of acu te  hypoxia on t h y r o i d a l  i o d i d e  uptake.  

Several  workers have noted tha t  hypoxia exposure can i n h i b i t  

m o t i l i t y  of t h e  g a s t r o i n t e s t i n a l  t r a c t  w i th  t h e  e x t e n t  of  i n h i b i t i o n  

p ropor t iona l  t o  t h e  s e v e r i t y  of exposure. A de lay  i n  g a s t r i c  emptying 

t i m e  has  been observed i n  t h e  labora tory  r a t  ( 6 ,  5).  Van Liere e t  a l .  

(30) us ing  dogs and LeBlond (18) using ra t s  a l s o  r e p o r t  t h e  presence  

of undigested food i n  t h e  stomachs a f t e r  24 hours  exposure at: 20,000 

f e e t .  The mechanism p o s t u l a t e d  for  t h i s  i s  a vagospas t i c  pyloro-  

spasm r e s u l t i n g  i n  p y l o r i c  sphinc ter  c l o s u r e  due t o  low oxygen t e n s i o n  

s t i m u l a t i o n  of t h e  vagus nerve ( 6 ) .  I n  a d d i t i o n ,  t h e  tone  and 

m o t i l i t y  of r a t  i n t e s t i n e s  both i n  v ivo  and i n  v i t r o  are r epor t ed  

-- 
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t o  be  decreased by h igh  a l t i t u d e  exposure (29 ,  11). 

The g a s t r o i n t e s t i n a l  t r a c t  a l t e r a t i o n s  t h a t  occur have an e f f e c t  

on t h e  t r a n s p o r t  of i nges t ed  substances t o  t h e  small i n t e s t i n e .  

Since d i e t a r y  i o d i d e  i s  t h e  main source of t h y r o i d a l  i od ine ,  t h e  

i o d i d e  pool  a v a i l a b l e  f o r  absorp t ion  and subsequent  t h y r o i d a l  up take  

can presumably b e  a l t e r e d .  

Restatement of t h e  Problem 

The p o s s i b i l i t y  t h a t  d i e t a r y  iod ide  may p lay  a f u n c t i o n a l  r o l e  

i n  t h y r o i d a l  response during acute  hypoxia i s  examined i n  t h e  p re sen t  

s tudy .  The s p e c i f i c  o b j e c t i v e s  of t h i s  s tudy are t o  determine: 

1. The e f f e c t s  of acu te  hypoxia (380 mm Hg) on abso rp t ion  of 

food and of  o r a l l y  administered 1-131. 

2 .  The e f f e c t s  of  acu te  hypoxia on c i r c u l a t i n g  r a d i o i o d i d e  

l e v e l s .  

The e f f e c t s  of  acu te  hypoxia on t h e  e x c r e t i o n  p a t t e r n  of 

r ad io iod ide .  

The e f f e c t s  of  acu te  hypoxia on t h y r o i d a l  uptake of 1-131 

r e l a t i v e  t o  e x i s t i n g  c i r c u l a t i n g  r a d i o i o d i d e  l e v e l s .  

3 .  

4 .  

5. The e x t e n t  t o  which food depr iva t ion  a f f e c t s  i o d i d e  

abso rp t ion  and subsequently t h e  c i r c u l a t i n g ,  t h y r o i d a l ,  

u r i n a r y  and f e c a l  l e v e l s  of 1-131. 
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MATERIALS AND METHODS 

A t o t a l  of 4 8  male a lb ino  r a t s  (Holtzman, Madison, Wisconsin) 

weighing 200-300 gm was employed i n  t h i s  s tudy .  A l l  animals were 

housed i n  groups of 6 i n  22" x 15" s t a i n l e s s  s tee l  cages,  maintained 

on Wayne Lab-blox (conta in ing  1.5 pg of i od ine  p e r  gram) and tapwater  

- ad l i b i t u m  and allowed t o  adapt t o  l abora to ry  cond i t ions  f o r  one t o  

two weeks p r i o r  t o  experimentat ion 

The a l t i t u d e  chamber used was t h e  same a s  t h a t  employed by 

Anthony e t  a l .  ( 3 ) .  The t o t a l  chamber volume i s  286 cubic  f e e t .  

Est imated turnover  of a i r  i s  about 8 cubic  f e e t  p e r  minute when t h e  

-- 

chamber i s  maintained a t  one-half  atmospheric p re s su re .  The temper- 

a t u r e  w i t h i n  t h e  chamber was 26+1 C w h i l e  t h a t  of t h e  room housing 

t h e  c o n t r o l  rats was 25+1 C .  

Experimental  r a t s  were exposed t o  a s imulated a l t i t u d e  of 18,000 

fee t  (380 mm Hg) f o r  a per iod  of 24 hours .  Control  animals were main- 

t a i n e d  a t  ambient p re s su re  (725 mm Hg a t  Un ive r s i ty  Park) .  Two 

experiments  were performed. The f i r s t  involved measurements of 

i o d i d e  metabolism and exc re t ion  r a t e s  i n  ambient p re s su re  c o n t r o l  

and hypoxic r a t s  fed  on an 4 l i b i tum regimen. 

t o  as Groups A and B y  r e s p e c t i v e l y .  Since i t  was observed t h a t  

hypoxia-exposed ra t s  consume very  l i t t l e  food dur ing  t h e  f i r s t  2 4  

hours  of exposure,  it was d e s i r a b l e  to examine t h e  p o s s i b l e  e f f e c t s  

of food d e p r i v a t i o n  on iod ide  absorp t ion .  Therefore ,  a second 

experiment w a s  c a r r i e d  ou t  which involved i d e n t i c a l  measurements of 

These a r e  r e f e r r e d  
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i o d i d e  metabolism. One group of r a t s  w a s  food deprived a t  ambient 

p re s su res  f o r  24 hours ,  g iven  an o r a l  dose of NaI-131 and fed  4 

l i b i t u m  a t  ambient p re s su re  f o r  t he  24 hour t es t  per iod .  A second 

group was food deprived f o r  24 hours a t  ambient p re s su re ,  g iven  an 

o r a l  dose of NaI-131 and exposed t o  hypoxia f o r  24 hours .  

groups are des igna ted  a s  C and D ,  r e spec t ive ly .  

These 

The experimental  procedure was fo l lows:  Rats  i n  Groups A, B 

and C were weighed, placed i n  ind iv idua l  metabol ic  cages and f o r c e  

fed  0.2 t ~ c  (0.1-0.2 m l )  of NaI-131 (Iodotope,  Squibb) i n  2 gm of 

an i o d i n e  d e f i c i e n t  d i e t  conta in ing  15 pg I/Kgm food ( N u t r i t i o n a l  

Biochemicals Corp.) a t  t i m e  ze ro  of t h e  experiment ( 2 5 ) .  Rats i n  

Group D rece ived  t h e  same o r a l  dose of r ad io iod ide  a f t e r  a p re l imina ry  

24 hour per iod  of food depr iva t ion  and then  were p laced  i n  t h e  decom- 

p r e s s i o n  chamber. An equal  volume of iodotope was placed i n  a 

graduated  c e n t r i f u g e  tube  t o  se rve  a s  a count ing s tandard .  A t  t h e  

end of t h e  24 hour per iod  t h e  ra t  was reweighed and anes the t i zed  

w i t h  p e n t o b a r b i t a l  sodium ( 6  mg per 100 mg body weight ,  i n j e c t e d  

i n t r a p e r i t o n e a l l y ) .  

Whole blood was then  obtained by c a r d i a c  puncture .  Al iquots  

were p laced  i n  hepar in ized  cen t r i fuged  tubes  and spun down f o r  20 

minutes.  One ml of plasma w a s  removed and counted. The g a s t r o -  

i n t e s t i n a l  t r a c t  was removed and divided i n t o  two s e c t i o n s ,  t h e  

stomach and t h e  i n t e s t i n e s  from the  p y l o r i c  s p h i n c t e r  t o  t h e  caecum. 

Each s e c t i o n  was weighed, f l u shed  wi th  phys io log ica l  s a l i n e  t o  

remove a l l  con ten t s  which were counted f o r  r a d i o a c t i v i t y .  Each 
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s e c t i o n  w a s  reweighed t o  determine the  weight of i t s  con ten t s  and then  

counted. 

on a t o r s i o n  sp r ing  balance and then counted. 

were a l s o  c o l l e c t e d  and counted. 

The thy ro id  was removed, c leaned of excess  t i s s u e ,  weighed 

Urine and f e c a l  samples 

Each sample was monitored f o r  r a d i o a c t i v i t y  i n  a we l l - type  

s c i n t i l l a t i o n  counter  w i th  a 1 7/8" NaI t h a l l i u m  a c t i v a t e d  c r y s t a l  

(Nuclear Chicago Corp., model 181-A). 

times a t  an  ope ra t ing  v o l t a g e  of 1400 v o l t s .  A l l  counts  were 

c o r r e c t e d  f o r  background and i s o t o p i c  decay. 

A l l  samples were counted t h r e e  

S t a t i s t i c a l  ana lyses  of d a t a  were performed us ing  t h e  fol lowing 

formulas  : 

1. Standard d e v i a t i o n  (@ and s tandard e r r o r  (SE) where d r e f e r s  t o  

t h e  sum of t h e  dev ia t ions  from t h e  mean and n t h e  number of sample 

va lues ;  

6 - SE = n 
2 .  P r o b a b i l i t y  l e v e l s  were ca l cu la t ed  us ing  t h e  t t e s t  where: 

Ma - Mb t =  

The s u b s c r i p t s  a and b r e f e r  t o  t h e  two groups compared and M i s  

t h e  mean of each group. These tests a r e  o u t l i n e d  i n  Ganong (12) .  
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RESULT S 

The major f i n d i n g s  are presented under t h e  fo l lowing  headings: 

A. E f f e c t s  of hypoxia and food depr iva t ion  on g a s t r o i n t e s t i n a l  

abso rp t ion  of o r a l l y  adminis tered NaI-131; B .  E f f e c t s  of  hypoxia 

and food d e p r i v a t i o n  on g a s t r o i n t e s t i n a l  food con ten t ;  C .  Plasma 

and t h y r o i d a l  r ad io iod ide  l e v e l s  i n  hypoxia-exposed and food-deprived 

r a t s ;  D. Radioiodide e x c r e t i o n  i n  hypoxia-exposed and food-deprived 

ra t s ;  E .  Body weight changes i n  hypoxia-exposed and food-deprived 

ra t s .  

I n  a l l  groups t h e  percent  recovery of o r a l l y  adminis te red  1-131 

v a r i e d  from 50-67 pe rcen t .  

t aken  up by t i s s u e s  not  analyzed i n  t h i s  s tudy.  The r e s u l t s  are 

summarized g r a p h i c a l l y  i n  F igures  1-8 w i t h  t a b u l a r  d a t a  included 

i n  t h e  Appendix. 

That part no t  recovered w a s  presumably 

For ease of comparison d a t a  from two s e p a r a t e  experiments are 

combined i n  a l l  f i g u r e s .  Thus, Groups A and B (experiment one) 

r e f e r  t o  c o n t r o l  and hypoxia-exposed ra ts  f ed  & l i b i t m y w h e r e a s  

Groups C and D (experiment two) represent  food-deprived ra ts  kept  

a t  ambient p re s su re  o r  a t  reduced p res su re .  

A. E f f e c t s  of hypoxia and food depr iva t ion  on g a s t r o i n t e s t i n a l  
abso rp t ion  of o r a l l y  administered NaI-131. 

F igures  1 and 2 summarize data  on 24 hour g a s t r o i n t e s t i n a l  

abso rp t ion  of NaI-131 i n  hypoxic and c o n t r o l  r a t s  f ed  on an - ad 

l i b i t u m  regimen; they  a l s o  demonstrate e f f e c t s  of food d e p r i v a t i o n  
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a t  ambient p r e s s u r e  (Group C) and a t  reduced p r e s s u r e  (Group D)  on t h e  

24 hour NaI-131 abso rp t ion  i n  t h e  stomach and i n t e s t i n e .  

The major f i n d i n g  from experiment one was t h a t  g a s t r i c  i o d i d e  

con ten t  of hypoxic rats w a s  markedly h i g h e r  t h a n  t h a t  of c o n t r o l s  

(Figure 1, Groups A and B) .  Since it i s  known t h a t  i o d i d e  a b s o r p t i o n  

does not  occur i n  t h e  stomach, t h i s  l e a v e s  no q u e s t i o n  t h a t  hypoxia 

exposure causes  a de lay  i n  movement of food con ta in ing  i o d i d e  from t h e  

stomach t o  t h e  duodenum. I n t e s t i n a l  l e v e l s  of i o d i d e ,  however, proved 

t o  be comparable i n  both c o n t r o l s  and hypoxic r a t s  (Figure 2 ,  Groups 

A and B ) .  

ra ts  than  i n  c o n t r o l s ,  t h e s e  d a t a  i n d i c a t e  t h a t  hypoxia a l s o  causes  

a reduced i n t e s t i n a l  abso rp t ion  from t h e  i n t e s t i n a l  t r a c t .  

Since less r a d i o i o d i d e  reached t h e  i n t e s t i n e  i n  hypoxic 

Data from experiment two r evea l  t h a t  t h e  stomach and i n t e s t i n a l  

r a d i o i o d i d e  content  of food-deprived ra t s  a t  ambient p r e s s u r e  

(Group C)  was t h e  same as t h a t  of ra t s  f e d  ad l i b i t u m .  On t h e  o t h e r  

hand, when food-deprived ra ts  were s u b j e c t e d  t o  hypoxia (Group D)  

it w a s  found t h a t  both stomach and i n t e s t i n a l  r a d i o i o d i d e  con ten t  

was h ighe r  t h a n  i n  c o n t r o l s .  Thus, bo th  experiments c l e a r l y  show 

t h a t  hypoxia exposure r e s u l t s  i n  a n e t  dec rease  i n  g a s t r o i n t e s t i n a l  

a b s o r p t i o n  of i od ide .  

B. E f f e c t s  of hypoxia and food d e p r i v a t i o n  on g a s t r o i n t e s t i n a l  food 
con ten t .  

Analysis of a c t u a l  food content i n  t h e  stomach and i n t e s t i n e s  

of hypoxia-exposed and food-deprived ra ts  suppor t s  t h e  obse rva t ion  

of Subsection A. Hypoxic rats maintained on t h e  l i b i t u m  food 
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regimen had 3.5k0.4 gm of food i n  t h e  stomach and 2.5k0.3 gm i n  t h e  

i n t e s t i n e .  The stomach and i n t e s t i n e s  of t h e  c o n t r o l  ra t s ,  on t h e  

o t h e r  hand, had 0 . 3  gm and 1 . 3  gm, r e s p e c t i v e l y .  

Food-deprived, hypoxia-exposed rats a l s o  had a marked i n c r e a s e  

i n  g a s t r i c ,  bu t  not  i n t e s t i n a l ,  food con ten t  (Figure 3,  Group D ) .  I t  

was f u r t h e r  observed t h a t  t h e  stomach and i n t e s t i n a l  conten t  of food 

i n  food-deprived rats a t  ambient pressure  (Group C) w a s  as g r e a t  as 

t h a t  of t h e  c o n t r o l s  fed  & l ib i tum (Group A ) .  

apparent  decrease  i n  food absorp t ion  brought about by food r e s t r i c t i o n .  

Th i s  i n d i c a t e d  an 

I n  summary, measurements of food conten t  i n d i c a t e d  t h a t  t h e  

major e f f e c t  of hypoxia, w i th  o r  without p r i o r  food depr iva t ion ,  was 

a de lay  i n  t h e  g a s t r i c  emptying of food. 

C. Plasma and t h y r o i d a l  l e v e l s  i n  hypoxia-exposed and food-deprived 
rats.  - 

Figures  4 and 5 summarize da ta  on t h e  e f f e c t s  of hypoxia and 

food depr iva t ion  on c i r c u l a t i n g  l e v e l s  and t h y r o i d a l  con ten t  of 

r ad io iod ide ,  r e s p e c t i v e l y .  The major f ind ing  from experiment one 

w a s  tha t  t h e  plasma ' r ad io iod ide  l eve l  of hypoxic r a t s  w a s  comparable 

t o  t h a t  of c o n t r o l s  (F igure  4 ,  Groups A and B ) .  I n  a d d i t i o n ,  t h e  

t h y r o i d a l  r ad io iod ide  con ten t  of  hypoxic r a t s  r e l a t i v e  t o  ad l i b i t u m  - 
c o n t r o l s  w a s  reduced (F igure  5,  Groups A and B ) .  Data from exper i -  

ment two r e v e a l  t h a t  food depr iva t ion  a t  ambient p re s su re  has  l i t t l e  

e f f e c t  on c i r c u l a t i n g  plasma l e v e l s  of r a d i o i o d i d e  r e l a t i v e  t o  & 

l i b i t u m  c o n t r o l s  (Figure 4 ,  Groups A and C ) ,  whereas t h e r e  i s  an 
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apparent  decrease  i n  t h y r o i d a l  iod ide  conten t  (F igure  5, Groups A and C ) .  

When ra t s  were food deprived a t  ambient p r e s s u r e  and subsequent ly  exposed 

t o  hypoxia,  they e x h i b i t e d  a plasma rad io iod ide  l e v e l  which w a s  

comparable t o  t h a t  of food-deprived c o n t r o l s  (F igure  4 ,  Groups C and 

D ) .  I n  add i t ion ,  a decreased thy ro ida l  r a d i o i o d i d e  con ten t  w a s  

observed (Figure 5,  Groups C and D). Thus, bo th  experiments i n d i c a t e  

t h e r e  i s  a reduced t h y r o i d a l  uptake i n  hypoxia-exposed rats.  

D. Radioiodide e x c r e t i o n  i n  hypoxia-exposed and food-deprived rats.  

Analyses of u r i n a r y  and f e c a l  r ad io iod ide  e x c r e t i o n  suppor t  t h e  

above f i n d i n g s .  F igu res  6 and 7 summarize t h e  e f f e c t s  of  hypoxia and 

food d e p r i v a t i o n  on u r i n a r y  and f eca l  r a d i o i o d i d e  l e v e l s ,  r e s p e c t i v e l y .  

It can be seen  t h a t  t h e r e  w a s  a marked r educ t ion  i n  u r i n a r y  rad io-  

i o d i d e  e x c r e t i o n  of hypoxia-exposed rats r e l a t i v e  t o  c o n t r o l s  

(F igure  6 ,  Groups A and B ) .  

t h a t  food d e p r i v a t i o n  a lone  has l i t t l e  e f f e c t  on u r i n a r y  r ad io iod ide  

e x c r e t i o n  (Figure 6 ,  Groups A and C ) .  However, when r a t s  were food- 

deprived and then  sub jec t ed  t o  hypoxia exposure,  t h e r e  w a s  a marked 

Data from t h e  second experiment r e v e a l  

r educ t ion  i n  u r i n a r y  exc re t ion  of r ad io iod ide  (Groups C and D ) .  

24 hour u r i n e  volume of hypoxic r a t s  was not  found t o  be  s i g n i f i c a n t l y  

lower than  t h a t  of c o n t r o l s  (Table 6 ,  Appendix). 

The 

There was no d i f f e r e n c e  i n  the  f e c a l  r a d i o i o d i d e  e x c r e t i o n  of 

c o n t r o l  and hypoxia-exposed r a t s  (Figure 7 ,  Groups A and B ) .  Food- 

depr ived ,  hypoxia-exposed rats (Group D ) ,  on t h e  o t h e r  hand, e x h i b i t e d  

a marked decrease  i n  f e c a l  r ad io iod ide  conten t .  
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2 1  1 
E. Body weight  changes i n  hypoxia-exposed and food-deprived rats. 

Body weight changes were measured t o  assess t h e  metabol ic  

response of rats t o  hypoxia exposure s i n c e  i t  was observed t h a t  i n  

a l l  i n s t a n c e s  feeding  and dr inking  a c t i v i t y  ceased  w i t h  hypoxia 

exposure. F igu re  8 summarizes these  d a t a .  I n  experiment one i t  

w a s  found t h a t  hypoxic ra t s  experienced a markedly g r e a t e r  body 

weight  loss  than  t h e i r  corresponding c o n t r o l s  (Groups A and B ) .  I n  

experiment two i t  was found t h a t  food d e p r i v a t i o n  followed by 

hypoxia-exposure r e s u l t e d  i n  g r e a t e r  weight  loss  than  food 

d e p r i v a t i o n  a lone  (Groups C and D) .  
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DISCUSSION 

One major f i n d i n g  of t h e  p re sen t  s tudy was t h a t  r a d i o i o d i d e  

abso rp t ion  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t  w a s  markedly reduced w i t h  

24 hours  a l t i t u d e  exposure. It was shown t h a t  t h i s  w a s  an i n d i r e c t  

r e s u l t  of two hypoxia induced a l t e r a t i o n s  i n  d i g e s t i v e  func t ion :  

(a) an  i n h i b i t i o n  of g a s t r i c  m o t i l i t y  and (b)  a r e d u c t i o n  i n  food 

and i o d i d e  absorpt ion.  The reduced g a s t r i c  emptying r a t e  i s  i n  

keeping w i t h  an e a r l y  obse rva t ion  by Crisler e t  a l .  (6) t h a t  low 

oxygen t e n s i o n  s t i m u l a t e s  t h e  vagus nerve and r e s u l t s  i n  p y l o r i c  

s p h i n c t e r  c losu re .  Thus, hypoxic ra t s  r e t a i n e d  more food and i o d i d e  

i n  t h e  stomach than  c o n t r o l s .  I n  add i t ion  t o  i n h i b i t i n g  t h e  t r a n s -  

p o r t  of food from t h e  stomach t o  i n t e s t i n e s ,  hypoxia exposure a l s o  

i n h i b i t e d  food and i o d i d e  absorption. This  was evidenced by t h e  

f i n d i n g  t h a t  g a s t r i c  food remained undigested and t h e r e  w a s  a n e t  

r e d u c t i o n  i n  i n t e s t i n a l  abso rp t ion  of i od ide .  I n  s h o r t ,  t h e  uptake 

of d i e t a r y  i o d i d e  was markedly reduced i n  t h e  f i r s t  day of hypoxia 

exposure.  

A second f i n d i n g  w a s  t h a t  c i r c u l a t i n g  t i t r e s  of r a d i o i o d i d e  

were maintained a t  c o n t r o l  l e v e l s  d e s p i t e  a reduced i n t e s t i n a l  

i o d i d e  absorpt ion.  It w a s  f u r t h e r  shown t h a t  blood i o d i d e  t i t r e s  

remain w i t h i n  t h e  c o n t r o l  range i n  p a r t  due t o  a diminished removal 

of c i r c u l a t i n g  i o d i d e  - v i a  metabolic and exc re to ry  r o u t e s .  

f o r  t h i s  stems from d a t a  showing t h a t  hypoxic ra t s  e x h i b i t  decreased 

r e n a l  e x c r e t i o n  of r a d i o i o d i d e  coupled wi th  lowered t h y r o i d a l  uptake 

of i od ide .  

Support 
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e r v a t i o n  t h a t  hypoxic r a t s  e x h i b i t  low 24 hour 

t h y r o i d a l  i od ide  uptake was somewhat s u r p r i s i n g  s i n c e  i o d i d e  t r app ing  

i s  known t o  be  a f u n c t i o n  of c i r c u l a t i n g  t i t r e s  of i od ide .  There are 

two p o s s i b l e  phys io log ica l  responses during hypoxia exposure which 

could account f o r  t h e  observed result .  One i s  a decrease  i n  i o d i d e  

c i r c u l a t i o n  t i m e  ( in f luenced  by hemal and n u t r i t i v e  changes) which 

would e f f e c t  a n e t  r educ t ion  i n  the  ra te  of t h y r o i d a l  i o d i d e  uptake 

p e r  u n i t  t i m e  from t h e  i o d i d e  pool ;  t h e  o the r  i s  an i n h i b i t i o n  of 

p i t u i t a r y  TSH output  and of consequent r educ t ion  i n  t h e  s i z e  of  t h e  

t h y r o i d  gland. Data from t h e  present  work and o t h e r  s t u d i e s  i n d i -  

c a t e  t h a t  bo th  mechanisms are probably ope ra t ive  w i t h i n  t h e  f i r s t  

24 hours  of exposure.  

That hypoxia induces l e t h a r g y  and an almost complete c e s s a t i o n  

of locomotor a c t i v i t y  has been observed by many workers.  Since 

venous muscle massage i s  important i n  f a c i l i t a t i n g  blood flow, it 

i s  reasonable  t o  assume t h a t  t h e r e  i s  a r educ t ion  i n  blood c i r c u -  

l a t i o n  dur ing  t h e  e a r l y  s t a g e s  of  hypoxia. I n  t h i s  regard ,  s e v e r a l  

workers have r epor t ed  a marked s h i f t  i n  d i s t r i b u t i o n  of blood from 

p e r i p h e r a l  t o  i n t e r n a l  c i r c u l a t i o n  w i t h  hypoxia exposure ( 4 ,  24) .  

This  v i s c e r a l  pool ing  of blood, coupled w i t h  t h e  decreased muscle 

tone  and decreased g a s t r o i n t e s t i n a l  m o t i l i t y ,  may reduce t h e  t r a n s -  

p o r t  of i o d i d e  from v i s c e r a l  areas t o  t h e  thy ro id .  An added f a c t o r  

which c o n t r i b u t e s  t o  t h e  observed reduct ion  i n  t h y r o i d a l  i o d i d e  

uptake  i s  a decrease  i n  t h e  amount of t h y r o i d  t i s s u e  capable  of 

t ak ing  up iod ide .  It i s  d i f f i c u l t  t o  e x p l a i n  how a r a p i d  l o s s  i n  
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t i s s u e  mass can occur w i t h i n  a few hours .  However, t h e  d a t a  of t h e  

p re sen t  s tudy  c l e a r l y  show a decrease i n  thy ro id  weight  i n  hypoxic 

r a t s  whether one c a l c u l a t e s  t h i s  on an abso lu te  o r  r e l a t i v e  weight  

b a s i s  (Table 8, Appendix). 

On t h e  b a s i s  of t h e  above f ind ings  it appears  t h a t  reduced 

t h y r o i d a l  a c t i v i t y  i s  an important  f e a t u r e  of t h e  f i r s t  few hours  

of hypoxia acc l imat ion .  

involved i n  t h e  i n i t i a t i o n  of hypoxia acc l imat ion .  

c e s s a t i o n  of locomotor, feed ing ,  dr inking  and a s s o c i a t e d  behav io ra l  

a c t i v i t i e s  observed by a l l  workers i n  t h i s  f i e l d .  The consequences 

of hypoxia-induced l e tha rgy ,  aphagia and anorexia  a r e  a r a p i d  

decrease  i n  d i e t a r y  iod ide  i n t a k e  coupled w i t h  a decreased  i o d i d e  

e x c r e t i o n  rate.  H e m a l  changes, notably t h e  pool ing  of blood i n  

v i s c e r a l  r eg ions ,  would a l s o  decrease t r a n s p o r t  of  i o d i d e  from 

v i s c e r a l  r eg ions  t o  t h e  thy ro id  gland. I n  o the r  words, t h e r e  i s  a 

gene ra l  lowering of many bod i ly  func t ions  during t h e  f i r s t  day of 

exposure.  

Apparently s e v e r a l  systemic responses  are 

One i s  an immediate 

Since food consumption and absorp t ion  are decreased dur ing  t h e  

i n i t i a l  s t a g e  of  hypoxia exposure,  t h e r e  i s  a marked r e d u c t i o n  i n  

t h e  oxygen requirements  f o r  metabolism of food s t u f f s  as w e l l  as f o r  

muscular a c t i v i t y .  Thus, t h e  r educ t ion  i n  i o d i d e  metabolism and 

t h y r o i d  a c t i v i t y  simply c o n s t i t u t e s  one aspec t  of a gene ra l i zed  

r educ t ion  i n  metabolism and u t i l i z a t i o n  of oxygen. 

Although it appears  t h a t  l imi t ed  d i e t a r y  iod ide  i n t a k e  i s  of 

prime importance i n  i n i t i a t i n g  lowered thy ro id  func t ion ,  a supple-  
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mental mechanism e x i s t s  t o  i n s u r e  a continued r e d u c t i o n  i n  t h y r o i d a l  

a c t i v i t y ,  t h a t  i s ,  t h e  i n h i b i t i o n  of p i t u i t a r y  TSH by r e l a t i v e l y  high 

c i r c u l a t i n g  iod ide .  A t  any r a t e ,  t h e r e  i s  no q u e s t i o n  t h a t  r a t s  a r e  

i n  a hypothyroid s t a t e  during t h e  onset of hypoxia exposure and as 

o t h e r s  have shown remain hypothyroid a f t e r  prolonged exposure. 

Most workers have agreed t h a t  hypothyroidism i s  an e s s e n t i a l  

f e a t u r e  of t h e  f u l l y  acclimated animal and t h e r e  i s  ample evidence 

t o  demonstrate t h a t  chronic  exposure r e s u l t s  i n  reduced t h y r o i d  

f u n c t i o n  (14, 15, 21,  2 7 ) .  On t h e  o t h e r  hand, t h e r e  has been con- 

s i d e r a b l e  controversy regarding the exac t  r o l e  of t h e  t h y r o i d  during 

t h e  ve ry  onse t  of accl imat ion.  Some have claimed inc reased  (8, 15, 

21), o t h e r  decreased (32, 33, 35) and s t i l l  o t h e r s  no change (32, 35) 

i n  t h y r o i d  f u n c t i o n  during t h e  cr i t ical  p e r i o d  of t h e  an ima l ' s  

i n i t i a l  adjustment t o  oxygen lack. An important  c o n t r i b u t i o n  of t h i s  

s tudy  i s  t h a t  it shows haw most of t h e  pa radox ica l  f i n d i n g s  can be 

r e so lved  i f  one i n t e r p r e t s  t h y r o i d a l  responses  i n  l i g h t  of hypoxia 

induced changes of food consumption and i o d i d e  metabolism. 

A number of workers have r epor t ed  inc reased  t h y r o i d a l  uptake of 

i n j e c t e d  1-131 i n  hypoxic exposed r a t s  f ed  on an ad libit-urn regimen 

b u t  which e x h i b i t e d  minimal food in t ake .  Harclerode (15) concluded 

t h a t  i nc reased  1-131 uptake r e f l e c t s  a decreased hormone release. 

DeBias (8) i n t e r p r e t e d  similar d a t a  as s i g n i f y i n g  a hype r func t ioqa l  

t h y r o i d  whereas Nelson (20) suggested t h i s  may r e f l e c t  a decreased 

d i e t a r y  i o d i d e  a v a i l a b i l i t y .  

- 

Neither Harclerode nor DeBias con- 
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s i d e r e d  t h e  p o s s i b i l i t y  t h a t  t h e i r  animals were i o d i d e  d e f i c i e n t .  A l s o ,  

DeBias p r e - t r e a t e d  h i s  r a t s  wi th  a pharmacological dose (40 pg/day) of 

t hy rox ine  and thereby induced a hyperthyroid cond i t ion .  Nelson's 

s tudy  w a s  p r i m a r i l y  d i r e c t e d  a t  c l a r i f y i n g  t h e  e f f e c t  of hypoxia on 

b i o s y n t h e s i s  and p e r i p h e r a l  metabolism of t hy rox ine  us ing  r ad io -  

chromatographic a n a l y s i s  of t hy ro id  gland hydro lysa t e s .  Thus, t h e  

b a s i s  f o r  Nelson 's  sugges t ion  t h a t  i nc reased  1-131 uptake might b e  t h e  

r e s u l t  of hypoxia-induced i o d i d e  de f i c i ency  w a s  a chance f i n d i n g  i n  

one of h i s  experiments t h a t  pre- t reatment  of r a t s  wi th  a maintenance 

dose (10 Pg) K I  r e s u l t e d  i n  a lowered t h y r o i d a l  1-131 uptake of an 

i n j e c t e d  dose of NaI-131. Nelson c o r r e c t l y  surmised t h a t  i nc reased  

t h y r o i d a l  uptake which both he and o t h e r s  observed i n  24 hour exposed 

rats could simply b e  due t o  an iod ide  i n s u f f i c i e n c y  brought about by 

low food i n t a k e .  However, he made no at tempt  t o  v e r i f y  t h i s  expe r i -  

men ta l ly .  

I n  b r i e f ,  a r e - a n a l y s i s  of ear l ier  work i n  which inc reased  

i o d i d e  uptake occurred on day one of exposure r e v e a l s  t h a t  i n  a l l  

cases hypoxic rats consumed no food and r ece ived  no supplemental  

d i e t a r y  i o d i d e .  Since t h e s e  rats would be presumed t o  be i o d i d e  

d e f i c i e n t  r e l a t i v e  t o  corresponding c o n t r o l s ,  any conclusions 

r e l a t i v e  t o  hypoxia-induced a l t e r a t i o n s  i n  t h y r o i d  f u n c t i o n  would 

no t  be warranted.  

A more r e l i a b l e  procedure f o r  a s s e s s i n g  t h y r o i d a l  changes 

du r ing  hypoxia would be t o  p r e t r e a t  bo th  experimental  and c o n t r o l  

rats w i t h  a s m a l l  dose of i o d i d e  as Nelson d i d  o r  t o  have both 
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Signi-  groups on an i o d i d e  d e f i c i e n t  d i e t  p r i o r  t o  hypoxia exposure. 

f i c a n t l y ,  i n  two i n s t a n c e s  where t h y r o i d a l  response w a s  s t u d i e d  i n  

i o d i n e  d e f i c i e n t  r a t s  (32, 37) ,  both demonstrated a lowered t h y r o i d a l  

1-131 uptake i n  hypoxic r a t s  r e l a t i v e  t o  c o n t r o l s .  

It i s  reasonable  t o  assume t h a t  a moderate a l t i t u d e ,  e.g. 8,000- 

10,000 f e e t  above sea l e v e l ,  normal t h y r o i d  f u n c t i o n  would be maintained 

as was shown i n  two i n s t a n c e s  (32, 35). Th i s  would be expected s i n c e  

t h e r e  i s  not  as marked a r e d u c t i o n  i n  feeding,  d r ink ing ,  and locomotor 

a c t i v i t y  as one sees i n  seve re  hypoxia-exposed animals. A s  a conse- 

quence, r e d u c t i o n  i n  d i e t a r y  iod ide  i n t a k e  would n o t  b e  as seve re .  

The p r e s e n t  s tudy s u b s t a n t i a t e s  t h e  concept t h a t  reduced t h y r o i d  

f u n c t i o n  i s  an important  f e a t u r e  of t h e  e a r l y  s t a g e s  of hypoxia accl i -  

mation. The f i n d i n g s  f u r t h e r  i n d i c a t e  t h a t  reduced t h y r o i d  f u n c t i o n  

i s  a consequence of reduced a v a i l a b i l i t y  of d i e t a r y  i o d i d e  during t h e  

f i rs t  day of exposure,  r a t h e r  t h a n  a r e s u l t  of hypoxia per se. 

main mechanism involved i s  a decreased movement of i o d i d e  from t h e  

stomach t o  i n t e s t i n e s  r a t h e r  t han  simply a decreased food i n t a k e .  

The 
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SUMMARY 

The a i m  of t h e  p re sen t  s tudy  was t o  e s t a b l i s h  t h e  e f f e c t  of hypoxia 

on g a s t r o i n t e s t i n a l  abso rp t ion  of o r a l l y  adminis tered r a d i o i o d i d e  and 

t o  determine t h e  e x t e n t  t o  which t h i s  i n f l u e n c e s  c i r c u l a t i n g  and 

t h y r o i d a l  i o d i d e  l e v e l s .  A t o t a l  of 48 a d u l t  male Holtzman ra ts  was 

used i n  two experiments.  I n  experiment one, 12 ra ts  were p laced  i n  a 

decompression chamber f o r  24 hours with 12 c o n t r o l s  kept  a t  ambient 

p r e s s u r e s .  Both groups were f ed  - ad l i b i tum.  I n  experiment two, 24 

rats w e r e  food-deprived f o r  2 4  hours and subsequent ly  12 of t h e s e  

were s u b j e c t e d  t o  hypoxia f o r  24 hours and 12 kep t  a t  ambient 

p r e s s u r e  as food-deprived c o n t r o l s  f o r  24 hours.  I n  a l l  i n s t a n c e s ,  

0.2 pc NaI-131 was g iven  o r a l l y  24 hours p r i o r  t o  k i l l i n g  t h e  rats. 

The major r e s u l t s  were as follows: F i r s t ,  i n  both experiments 

hypoxic r a t s  had more food and r ad io iod ide  remaining i n  t h e  stomach 

t h a n  ambient p r e s s u r e  c o n t r o l s .  T h i s  i n d i c a t e d  hypoxia causes  a 

d e l a y  i n  t h e  movement of g a s t r i c  food and i o d i d e  i n t o  t h e  i n t e s t i n e  

where i t  i s  normally absorbed. 

on g a s t r i c  o r  i n t e s t i n a l  l e v e l s  of r a d i o i o d i d e  i n d i c a t i n g  no appre- 

c i a b l e  impairment i n  i o d i d e  absorpt ion.  

Food d e p r i v a t i o n  alone had no e f f e c t  

Second, i t  was observed t h a t  c i r c u l a t i n g  l e v e l s  of r a d i o i o d i d e  

were comparable i n  c o n t r o l  and hypoxic r a t s  d e s p i t e  a lowered i n t e s -  

t i n a l  abso rp t ion  i n  hypoxic animals. T h i s  w a s  a t t r i b u t e d  i n  p a r t  t o  

an hypoxia-induced r educ t ion  i n  u r ina ry  e x c r e t i o n  of r a d i o i o d i d e .  

F i n a l l y ,  one day of hypoxia exposure caused a reduced 24-hour 
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This  was a t t r i b u t e d  t o  a decrease i n  t h y r o i d  t h y r o i d a l  1-131 uptake.  

gland s i z e .  Plasma 1-131 l e v e l s  were no t  found t o  b e  reduced i n  

hypoxic ra t s .  

On t h e  b a s i s  of t h e  combined da ta  i t  i s  proposed t h a t  t h e  

i n i t i a t i o n  of reduced t h y r o i d  funct ion during acute hypoxia i s  

probably i n d i r e c t l y  mediated through t h e  i n h i b i t i o n  of n u t r i t i v e  and 

r e n a l  funct ions.  One important response i s  a decreased i n t e s t i n a l  

abso rp t ion  of i o d i d e  which i s  needed f o r  t h y r o i d  hormone forination by 

a hypoxia-induced de lay  i n  g a s t r i c  emptying. Another response i s  a 

maintenance of i o d i d e  l e v e l s  w i t h i n  t h e  c o n t r o l  range due i n  p a r t  t o  

a decreased r e n a l  i o d i d e  exc re t ion .  
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Table  1. G a s t r o i n t e s t i n a l  absorp t ion  of o r a l l y  adminis te red  NaI-131 
i n  hypoxia-exposed and food-deprived rats. 

Percent  NaI-131 remaining i n  g a s t r o i n t e s t i n a l  t rac t  (XkS.E.) 

Experiment Group Stomach P* Small I n t e s t i n e  F 

A(12)** 1.250.2 0.4k0.1 
1 0.001 NS 

B (12)** 30.854.8 0.5k0.1 

2 
C(12)** 1.4kO. 2 0.5k0.1 

D(12)** 23.6k6.8 1.4k0.4 
0.01 NS 

*Probab i l i t y  va lues  were c a l c u l a t e d  us ing  t h e  t t e s t .  
*yeNumbers i n  p a r e n t h e s i s  i n d i c a t e  number of r a t s  used. 

Table  2. G a s t r o i n t e s t i n a l  d i g e s t i o n  and abso rp t ion  i n  hypoxia- 
exposed and food-deprived ra t s .  

G r a m s  o f  food remaining (ZkS.E.) 

Exp e r i me n t  Group Stomach P* Small  I n t e s t i n e  P* 

A( 12)*9( 0.3kO.O 1.350.2 
1 0.001 0.01 

B(12)** 3.5k0.4 2.5kO * 3 

2 
C(12)** 0.3kO.O 1.750.2 

D (12)** 2.620.6 1.5t0.1 
0.01 NS 

+;Probabi l i ty  va lues  were c a l c u l a t e d  us ing  t h e  t t e s t .  
;\+;Numbers i n  p a r e n t h e s i s  i n d i c a t e  number o f  r a t s  used. 
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Table  3. Plasma rad io iod ide  l e v e l s  of hypoxia-exposed and food- 
deprived rats. 

Percent  1-131 i n  plasma (t5S.E.) 

Experiment Group Plasma 1-131 P* 

1 

2 

A(12)** 1.950.3 

B (12)** 2.820.7 

C(12)** 2.050.4 

D ( 12) J:* 3.420.7 

NS 

NS 

*Probab i l i t y  va lues  were c a l c u l a t e d  us ing  the t test. 
Jc*Numbers i n  p a r e n t h e s i s  i n d i c a t e  number of rats used. 

Tab le  4. Thyroida l  r ad io iod ide  conten t  of hypoxia-exposed and 
food-deprived ra ts .  

Pe rcen t  1-131 i n  t h e  thy ro id  (F5S.E.) 

Experiment Group Thyroid 1-131 P* 

1 

2 

A(12)** 11.221.8 

B ( 12) ** 6.620.9 
0.05 

c (12)*J; 8.720.5 

D (12)** 5.220.8 
0,Ol 

* P r o b a b i l i t y  va lues  were ca l cu la t ed  us ing  the t t e s t .  
J:JcNumbers i n  p a r e n t h e s i s  i n d i c a t e  number of r a t s  used. 
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Table 5. Urinary r ad io iod ide  l e v e l s  of  hypoxia-exposed and food- 
deprived rats. 

Percent  1-131 i n  u r i n e  (FkS.E.) 

Exp e r iment Group Urinary 1-131 P* 

A(12)** 40.7k3.4 

B (I?.)** 23.0k2.9 
0.01 

c (12)** 

D (12)** 

42.2k4.3 

16.753.3 
0.001 

*Probab i l i t y  va lues  were c a l c u l a t e d  us ing  t h e  t t e s t .  
**Numbers i n  p a r e n t h e s i s  i n d i c a t e  number of  r a t s  used. 

Table  6. Ur inary  e x c r e t i o n  volumes of  hypoxia-exposed and food- 
deprived rats. 

ml/ r a t  (Tk S . E. ) 
Experiment Group 

~ 

Urinary volume P 9; 

A(12)** 15.9k2.4 

B (12)** 11.4k1.1 
NS 

c ( 12) ** 10.0k1.6 

D (12)** 13.4k1.9 
NS 

9:Probabili ty v a l u e s  were c a l c u l a t e d  us ing  t h e  t test. 
**Numbers i n  p a r e n t h e s i s  i n d i c a t e  number of  ra t s  used. 
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Table 7. Fecal  r ad io iod ide  l e v e l s  of hypoxia-exposed and food- 
deprived rats.  

~ ~~ ~ 

Percen t  1-131 i n  f e c e s  (2kS.E.) 

Experiment Group Feca l  1-131 P* 

2 

B (12)** 

C( 12)** 

D (12)** 

-~ 

2.120.6 

2.0k0.3 

2.2k0.3 

0.5kO.l 

~ 

NS 

NS 

* P r o b a b i l i t y  v a l u e s  were c a l c u l a t e d  us ing  t h e  t test .  
**Numbers i n  p a r e n t h e s i s  i n d i c a t e  number of r a t s  used. 

Table  8. Body weight loss of hypoxia-exposed and food-deprived ra t s .  

~~ ~- ~ ~ ~~ 

G r a m s  l o s t / 1 0 0  g body weight  (7ZS.E.) 

Experiment Group Grams P* 
- ~- 

A(12)** 

B(12)** 

~ ~ ~ 

3.520.5 

10.651.2 
0.001 

C(12)** 5.1k0.5 

D(12)** 11.9k1.4 
0.001 

+;Probabi l i ty  v a l u e s  were c a l c u l a t e d  us ing  t h e  t t e s t .  
*$:Numbers i n  p a r e n t h e s i s  i n d i c a t e  number of r a t s  used. 
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Table 9 .  Thyroid weight changes i n  hypoxia-exposed and food- 
deprived r a t s .  

- ~ ~~ ~ ~~~~ ~ ~~~ ~~ 

mg Thyroid/ 
E xp e r i me n t Group mg Thyroid P* lOOmg Body Weight P* 

A( E)** 15.350.3 5.4k0.2 
1 0.001 0.01 

B(12)** 10.8k0.3 4.350.2  

C (L2)** 14.4k0.2 6.1k0.3 

D (12)** 9.950 4 4.0k0.1 
0.001 0.001 2 

*Probabil i ty  values  were calculated using the t t e s t .  
**Numbers i n  parenthesis  ind ica te  number o f  rats used. 


